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的电化学性能。该电极材料中含有 Cu、CuS 和 Cu2S 三种化合物，比容量为 335 
mAhg-1，200 个充放电循环之后容量保持率为 99.5%，具有优异的循环性能。但
是该材料在循环初期阶段具有多种放电电压平台，不断循环过程中电压平台发生
变化。为了探讨其中的电化学反应机理，本论文利用 XRD、XPS 和 TEM 分析
手段对硫化亚铜材料的充放电过程进行表征。分析结果表明，当电极材料中含有
足够量的 Cu 时，如采用铜箔集流体或添加过量铜粉，不同形态的 S 元素在充放
电循环过程中全部逐渐转化为 Cu2S 晶体。此后充放电过程中只有一个单一的电
化学反应，即 Cu2S + Li ↔ Li2S + Cu，表现为充放电过程中 1.7V 和 1.85V 两个
特别平坦的电压平台。 
（2）研究了不同粒径的 Cu粉与 S 粉按不同比例反应生成 Cu2S 的过程。研
究发现当铜硫摩尔比为 3:1 时，纳米铜粉和硫粉反应生成纯度较高的 Cu2S，该材
料具有优异的循环性能和固硫效果，100 个循环容量保持率为 83.3%；当铜硫摩
















和固硫效果较差，100 个循环容量保持率分别为 33.3% 和 14.5 %。 
（3）通过采用铜箔集流体并在电极材料中添加铜粉的方式研究了锂硫电池
在充放电过程中 Cu 和 S 原位形成的硫化亚铜正极材料的电化学性能。该复合材
料在 0.5C 倍率下充放电测试，首圈放电时单位硫质量的比容量高达 1614. 1 
mAhg-1，硫的利用率高达 91%；在 2C 倍率下充放电循环，第 1000 个循环的容
量保持率为 96.5%。 






















Lithium sulfur batteries (Li-S) are one of the most promising secondary batteries 
due to their low cost, environment-friendly, high energy density. However, the 
insulating nature of electrode material and the loss intermediate of polysulfides in the 
liquid organic electrolyte result in very low utilization of positive active materials and 
poor cyclic stability for lithium sulfur batteries. How to prevent the sulfur from 
dissolving into the electrolyte, how to improve the utilization of active material, and 
how to increase the electrical conductivity of electrode materials and improve the 
cycle stability, those are the most important problems to solve necessarily. 
Elemental sulfur (S) and transition metal (M) can react with each other to form 
stable metal sulfides (MS). It is an effective strategy of sulfur fixation by adding 
transition metal to sulfur cathode material or directly using metal sulfides as the 
cathode materials for lithium batteries. Metal sulfides, Cu2S is a promising cathode 
material for lithium battery due to its excellent electrical conductivity, which is of the 
same crystal structure and the equal molar volume with Li2S, and excellent 
conductivity of its reduction product of nano Cu.  
In this thesis, we have studied the electrochemical performance and mechanism 
of Cu2S used as cathode material for lithium battery. The main experiments and 
results of the thesis are given as the following three parts. 
(1) The commercial Cu2S was used as the electrode material and its 
electrochemical performance was investigated by half-cell system. It was found that 
Cu2S, a mixture of Cu, CuS and Cu2S, had a specific capacity of 335 mAh g-1 and 
good cycleability. Even in the 200th cycle, its capacity retention was 99.5%. But the 
material showed a plurality of discharge plateau at earily cycle stage and the discharge 
plateau varied together with cycle. The electrochemical reaction mechanism of Cu2S 
during discharge-charge process was investigated by XRD, XPS and TEM methods. It 
















crystal of Cu2S during charge-dinscharge cycle, which corresponded to a single 
electrochemical reaction, Cu2S + Li ↔ Li2S + Cu, characterized by two very flat 
voltage platform at 1.7 V and 1.85 V in the process of charging and discharging. 
(2) The synthesis process of Cu2S was also developed by the reaction between S 
powder and different size of Cu powder at different proportions. The results showed 
that the nano-copper powder and sulfur powder reacted to form the high purity Cu2S 
when the mole ratio of Cu/S was 3/1. That material had a good cyclic stability and 
excellent effects of sulfur fixation, and the capacity retention was 83.3% for 100th 
cycle. When the mole ratios of Cu/S were 2/1 and 1/1, the products synthesized by 
nano-copper powder and sulfur powder contained CuS and they had bad cyclic 
stability and poor effects of sulfur fixation, and the capacity retention was 33.3% and 
14.5% for 100th cycle, respectively. 
(3) By the adoption of copper foil current collector and adding copper powder to 
the sulfur electrode materials for lithium sulfur batteries, the electrochemical 
properties of Cu2S in-situ synthesized by Cu and S were investigated. The first 
discharge specific capacity of the composite materials was up to 1614.1 mAh g-1 at 
the rate of 0.5C (weight of sulfur), meaning the utilization rate of sulfur was as high 
as 91%.  We also found that the material had excellent cycleability and rate 
performance, for example, its capacity retention is 95.5% at the 1000th cycle even at 
the rate of 2C.  
The results of this thesis revealed that during the charge-discharge process of 
lithium sulfur battery, the sulfur was able to be fixed by transition metal Cu to 
generate a Cu2S compound with good conductivity and then an electrode with high 
utilization rate of sulfur, high specific capacity and good cycle stability was received 
ultimately, suggesting copper sulfides are a kind of potential enengy-storage 
materials. 
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的磷酸铁锂为正极材料，如中国的比亚迪公司、美国的 A123 公司和 Valence 公
司等。 
1.2.1 锂离子电池工作原理 
典型锂离子二次电池工作原理的简单示意图如下（图 1.1） [12-13]。 
 
图 1.1 锂离子二次电池基本工作原理 


























中，此时负极中 Li+ 浓度较高，而正极中 Li+ 浓度较低，与此同时电子通过外电
路从正极集流体流动到负极集流体，维持整个电池体系的电荷平衡。放电时发生
与之相反的电化学变化过程，Li+ 从负极石墨片层中脱出后嵌入到正极金属氧化






种，① 层状钴酸锂 LiCoO2，② 镍钴锰氧锂 Li(Ni1/3Co1/3Mn1/3)O2，③ 尖晶石型 




积，Li+ 和 CO3+ 两种正离子交替地填充在氧八面体空隙中，刚好处于立方晶体结
构的（111）晶面，引起整个立方对称点阵畸变成六方对称，Li+ 、CO3+ 和 O2- 分
别处于（3a）、（3b）和（3c）位置。 LiCOO2 材料的晶体结构示意图如下所示，
黑色圆圈代表 Li+ ，处于图中 3a 位置，灰色圆圈代表 Co3+ ，处于图中 3b 位置，
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